Comparative Study of a Micro-Scale Test for Lead in
Blood,for Use in Mass Screening Programs Richard E. Cooke,1 Kathryn L. Glynn,1 William W. Ullmann,1 Nicole Lurie,2 and Martha Lepow2 A procedure suitable for the mass screening of children for an undue body burden of lead was tested on 170 clinic patients.
Capillary finger-prick blood, collected on filter paper, was analyzed for lead with an atomic absorption spectrophotometer with the Delves cup attachment.
This method of analysis had first been judged to .be accurate after a laboratory evaluation in which results were compared with those obtained by a dithizone procedure.
In the present study, both capillary and venous bloods were obtained from the patients. Venous bloods were also analyzed by the filter paper disk method and by an atomic absorption spectrophotometric procedure requiring a 5-mi sample.
Results show that the screening method described here will reliably identify those children with a significantly supranormal blood lead. Both sample collection and laboratory analysis are easier.
Additional Keyphrases:
Delves-cup flame-spectrophotometric technique #{149} Division, investigated the feasibility of using one of these methods, the Delves-cup flame technique, to analyze lead in capillary blood that had been collected on filter paper.
With the Delves technique (2, 3), 10 tl of whole blood is oxidized in a lOO-iil sample cup, which is then positioned in a holder in the flame of the atomic absorption spectrophotometer, exactly below an opening in a gas-collection tube. The geometry of the tube confines the atomized lead from the sample in the area of the instrument beam and markedly increases the instrument response. Cernic and Sayers (4) collected capillary blood of industrial workers and spotted the blood on filterpaper. Disks were then punched and analyzed, without pre-oxidation, in an atomic absorption spectrophotometer by the Delves system. For comparison, venous blood from the same workers was analyzed by the traditional Delves system. In general,resultsof the two methods agreed well; however, they made no direct comparison with a conventional macromethod, and only 10 results were reported that were in the range (400 sg/liter or less) most commonly encountered in screening children. 
Preliminary Evaluation
To evaluate this punched-disk technique for the blood lead concentrations we encounter, we analyzed a series of 280 venous blood samples received for routine assay for lead by the macro-scale dithizone method usually used (5) and by a punched-disk technique to be described here. These specimens were received in lead-free tubes containing potassium oxalate as the anticoagulant.
A portion was spotted on filter paper and then analyzed by the proposed micromethod.
For the macro-scale test a 10-ml sample was wet-ashed, the digest extracted with dithizone in the presence of cyanide, and lead in the extract measured colorimetrically.
Results of the two methods agreed when a 4.76-mm paper disk was used. The blood sample on a disk of this size is considered to be equivalent to 10 mg (or 10 il) of blood. Venous blood: Venous blood, 7-10 ml, was collected with plastic disposable syringes. At this time, a few drops of venous blood was spotted on the filter paper in an area about 10 mm in diameter, and the paper was returned to its plastic envelope. Five milliliters of the blood was then placed in a heparinized lead-free tube and the remainder (1-2 ml) put in a separate tube for hematocrit analysis. A fingertip was scrubbed thoroughly with gauze soaked in a soap solution proven to be lead free, rinsed with a gauze pad wet with distilled water, and then air dried.
Plan of Study
Individually wrapped gauze pads, shown to be lead free, were used to prevent contamination from exposure to room air. Ethanol was found to be unsuitable for cleansing because the batches tested contained too much lead. The cleansed finger was held so that it could not touch the rest of the hand and thereby become contaminated.
It was often necessary to scrub the entire hand of the patient and of the collector if finger movement could not be controlled.
The fingertip was then punctured with a lancet (Clay-Adams, Division of Becton Dickinson Inc., Parsippany, N. J. 07054; "redi-lance"
No. 5302 recommended), and the first few drops of blood were discarded to further rid the fingertip of any remaining contamination. Blood was collected directly on a corner of the filter paper and allowed to soak completely through in an area about 10 mm in diameter.
The section of the filter paper to be spotted was never touched by the collector's hands and was kept in the envelope except when the sample was being taken. At this time, the paper was partly pushed out of the envelope, spotted, and allowed to slide back in. At no time was it allowed to rest unprotected on tabletops. taken to collectand store allspecimens in places free of tobacco smoke. Delves RetrofitSampling System with Quartz Absorption Tube, Nickel Cups, (Perkin-Elmer).
Paper-punch, j'16 inch (5-mm) hole,P. J. M. Mieth Mfg. Co., Point Pleasant, N.J. 08742.
Reagents:
Stock standard lead solution, 1000 g of Pb per milliliter: Dissolve 1.0773 g of lead oxide (PbO) in 5 ml of concd. HNO3 and dilute to 1 liter with demineralized water. Working standards: 1. Dilute 1 ml of stock solution and 1 ml of concd. HNO3 to 100 ml with demineralized water (10 g of Pb per milliliter).
2. Dilute 2, 4, 6, and 8 ml of this solution to 100 ml with demineralized water for standards to contain 0.2 to 0.8 g of Pb per milliliter.
Procedure: Blood-spotted paper, in the envelope, is dried in airor in an oven set at 37 #{176}C. Carefully prevent contamination of paper from lead on (e.g.) fingers or in dust. For each determination, three disks were punched and transferredwith tweezers to nickel cups. A seriesof standards was run with each set of samples. For the standards, a blood with a known "normal" lead concentration was used. This blood was spotted on the regular filterpaper and 10 disks were punched and placed in the nickelcups. Standard lead solutionwas added as follows: The disks were dried for about 30 s on a hotplate set at 135-140 #{176}C. A set of standards was run with each set of samples, a set being run between each tray of samples, 20 of the nickel cups per tray. No pretreatment of disks is necessary; each cup is introduced into the flame as described by Fernandez and Kahn
A double peak is obtained on the chart for each analysis, the first resulting from the visible smoky combustion products of the sample, the second being the lead signal.At a chart speed of 720 cm/h, the two signalsare easilyresolved.
A standard curve was constructed by plotting micrograms of lead vs. absorbance values of the lead signal.
The curve will not pass through the origin, but should be linear. The lead concentration of blood in the standard can be determined (intercept of curve on negative x axis) and subtracted from each point, so that the redrawn curve will pass through the origin.
Calculations:
The absorbance values obtained for the three disks run for each sample are averaged and this value is used to determine 
Results of the Comparative Study
Triplicate samples were collected, as described, from 170 patients, 90% of whom were 1-5 years old.
The following means were obtained: M, Macro- 
